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Abstract: Companies should be conscious of optimization of their 
production and distribution channels for their products. Our purpose is to 
maximize the profit of a company which deals with such problems. A linear 
programming model has been implemented for the distribution system to 
provide optimal operating supply routes. The model simply considers a 
company with two textile factories manufacturing five identical products in 
two different areas ("Area" means both market and local suppliers). 
Sensitivity analysis has been used to improve the earnings of the company 
and to determine whether the company could handle economic changes. 
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I.ABSTRACT 

The companies should be conscious of optimization of 
their production and distribution for their products. The 
purpose of our project is to maximize the profit of a 
company which deals with such problems. A linear programming 
model has been implemented for the di~tribution system to 
provide optimal operating supply routes. Our model simply 
considers a company with two textile factories manufacturing 
five identica.l products in two different a.reas ("Area" means 
both market and local suppliers>. The sensitivity anal is 
has been used to improve the earnings of the company and to 
see if the company was able to handle economic changes. 
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II.INTRDDUCTIDN 

The present project is a simulation of the exchanges 

between two regions, to optimize the profit of a company 

which has interests in both of them. This simulation is 

devel opecj through four di ff er·ent steps. The f i r·st one has 

defined the specifications of the two regions. The second 

has integrated those data in a linear programming model. The 

third has given the solution of the problem and the fourth 

has studied the results to impr·ove and check the 

availability of the model. 

The exchanges in the model occur at two di~ferent 

-between suppliers and factories 

-between factories and customers. 

Not only the intraregion but also the interregion 

exchange takes place between the regions. They are affected 

by different economic and industrial factors which will be 

discussed in the model The effects of those factors will 

take place in the sensitivity analysis. Then, these findings 

will be supported in the conclusion and recommendations 

section. 
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III.PROBLEM DEFINITION 

A.THE COMPANY 

The firm which has been studied, represents a medium 

sized textile company which manufactures five types of 

cloth. Those are the mast commonly used products in the 

textile industry. Three kinds of fiber constitute them, wool 

as a natural fiber, with polyacrilic and polyamid as two 

artificial fibers. The percentages of the different fibers 

are fixed and well measured for all the finished goods. 

The company purchases those raw materials from two 

suppliers, one for each region. Their prices are directly 

~elated to the level of production but not to the quantity 

µurchased. 

The finished goods are manufactured in two different 

plants. For both of the plants, two kinds of production 

costs incur, a fixed cost and a proportional cost which is 

related to the out of the factory. The products are sold 

to two customers, one for each region. Those customers can 

be considered as retailers. They determine their prices 

directly with the level of the demand in their markets. 
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The input of each factory can come from both suppliers 

as the outputs can be sold to both retailers, but the 

charges of transportation are paid by the company. Those 

costs are proportional to the weight transport and don't 

depend on the product transported Cno difference between r·aw 

materials and finished goods). The charge is the same in 

both ways {from region 1 to region 2 and from region 2 to 

region 1) and it is equal to zero for interregional 

transportation (short distances). 

r::~. THE PEGIONE 

As it could be induced, each region is considered from 

three points of view: 

-a µlace of production for raw materials 

-a place of production for finished goods 

-a. market for the manufactured products. 

The two regions considered are different in terms of 

economic conditions. The first one is more likely an 

agricultural region and the second is typically an 

industrial one, but all of them are the spatial 

concentration of a retailer, a supplier and a factor. That's 

why i ntr~aregi anal transport.at ion costs are ignored. 



In terms of supply of raw materials, the agricultural 

region has a high wool, and a low polyacrilic and polyamid 

production. As contrary, the industrial region has low 

µreduction of wool , and hi production of those artificial 

fiber··s. 

In terms of the characteristics of the factories, the 

agricultural region has a low financial capability and low 

manufacturing caµacity. As contrary, the industrial region 

has a higher· capacity and financial capability. 

In terms of the market demand within the regions, the 

agricultural one has a small market, where the people are 

more concerned with the low prices rather than the quality. 

On the other hand~ the industrial region has a bigger mark 

whet'e the quality is important in the purchase c)f .::i.n item 

and the prices are high. 

In ter"ms of the transportation between the re9ic:ins 5 the 

same amount of money is char·ged for· both r·aw material and 

finished goods. But the limitation of transportation differs 

fr·orn one region to the other. 
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So the objective function is : 

~11a;-::irniz.e z PFGl m -*· !JFGk l m ('::;al es) 

-:Z:~'EPRMi j * QR Mi jk 
' l k 

(purcl1ase of r·a.w materials) 

-~';!]2TRMi k -i!· GRMijk 
• T !.. 

Ctransp. of raw materials) 

Z TFGkm * DFGklm <transp. of finished goods) 
"' 

CFGkl * G:!FGklm (production costs) 

Z::, FC:k 
I<. 

In this simple model, TRMik=TFGkm and also 

if i=k TRMik=O and if i<>k TRMik=C <constant) 

The fixed costs has not been considered because they 

are constant and don't change the maximization. 

C.THE CONSTRAINTS 

1.Production constraints 

The regions can provide the factories with more 

than they have produced: 

QF\:t1 i j k < :::.' SP i j 

SPij is the maximum production of raw materials j from 

supplier i. 



6.Transpor·t limitation constraints 

The compan/ i-=. us.;in•:;:J tr··ucks in tr.::\n·:,;port.ation which 

have a limited capacity. The limitation is the same for both 

of the regions. But, with finished goods, this limitation is 

harder to bear because of the packaging: 

:.1Jf;:M l 

~.Jr-=-G i 

~-=· the 

s thE' 

L. Qfi:Mi. j k 
J 

~ QFGklm 

caµaci ty 

capaci ty 

<= 

·~ .. = 

(j-f 

of 

LiJRM 

transport for r-·aw materi. al ·:; ' 
tr·anspor·t for· fi n :i shed goods .• 

~or this simple model, the data have been provided by 

people with experience in textile industry, marketing and 

transportation. For a more general model, the use of a 

d--::i.ta.base thr·ough a matri ;.~ generator" pr·ogram would be 

necessar-·y. 

All the data are given in aµpendices CAµpendix A>. They 

included all the prices, costs, productions and capacities 

defined in the objective function c:u1d the constr-·aints. 



VI.RESULTS 

The numeric aµplicaticn of the model is as follows: 

MAX 21.0 QFG111 + 21 QFG211 + 6.7 QFG121 + 6.7 1 
+ 4.8 QFG131 + 4.8 QFG231 + 8.8 QFG141 + 8.8 QFG241 
+ 3.0 QFG151 + 3.0 QFG251 + 23 QFG112 + 23 QFG212 
+ 7.4 QFG122 + 7.4 QFG222 + 5.3 QFG132 + 5.3 QFG232 
+ 9.7 QFG142 + 9.7 QFG242 + 3.3 152 + 3.3 QFG252 
- 7.7 QRM111 - 7.5 QRM211 1.5 QRM121 - 1.3 QRM221 
- 1.0 QRM131 - 0.9 QRM231 - 7.7 QRM112 - 7.5 QRM212 
- 1.5 QRM122 - 1.3 QRM222 - 1.0 QRM132 - 0.9 QRM232 
- 0.3 QRM112 - 0.3 QRM122 - 0.3 QRM132 - 0.3 QRM211 
- 0.3 QRM221 - 0.3 QRM231 - 0.3 QFG112 - 0.3 QFG122 
- 0.3 QFG132 - 0.3 QFG142 - 0.3 QFG152 - 0.3 QFG211 
- 0.3 QFG221 - 0.3 QFG231 - 0.3 DFG241 - 0.3 QFG251 
- 7.4 QFG111 - 7.4 QFG112 - 2.3 QFG121 - 2.3 QFG122 
- 1.7 QFG131 - 1.7 QFG132 - 3.0 QFG141 - 3.0 QFG142 
- 1.1 QFG151 1.1 QFG152 6.3 QFG211 6.3 QFG212 
- 2.0 QFG221 - 2.0 QFG222 - 1.4 QFG231 - 1.4 QFG232 
- 2.6 QFG241 - 2.6 QFG242 - 0.9 QFG251 - 0.9 QFG2S2 

SUB.JECT TO 

L + QRM 1.12 QRM111 
QRt1-121 + 

··~~ 3(}l) 

1 (Ji) QRt1122 < 
+ QRM132 < 
+ QRM212 < 

QRr·l131 
QRM211 " t::" .-._ 

J. ._J\_J 

5. QRM221 + QRM222 < 300 
6. 
..., 
( . QRM231 + QRM232 < 150 

7.C QRM111 + 8.1 QRM211 
0.3 QRH211 .;- 0.3 QRM221 

+ 1.5 QRM121 .;
+ <). 3 G!RM23·i + 

4 , 
.L. 0 

0.3 
QRM221 .;-

112 + 
0.3 QFG142 + 0.3 QFG152 + 0.3 QFG122 + 0.3 QFG132 +. 
1.0 QRM131 + 1.2 QRM231 < 1000 

8. 0.3 QRM112 + 0.3 QRM122 + 0.3 QRM132 + 0.3 QFG211 + 

9. 
1 (j # 

11. 
, ~ 
.t ..t!:. • 

13. 
14. 
15 .. 
16. 

7.3 QRM112 + 7.8 QRM212 + 
0.3 QFG241 + 0.3 QFG251 + 
1.0 QRM132 + Oj9 QRM232 < 
QFG111 + QFG112 < 50 
QFG121 + QFG122 < 80 
QFG131 + QFG1 < 90 
QFG141 + QFG142 < 65 
QFG151 + QFG152 < 130 
QFG211 + QFG212 < 120 
QFG221 + QFG222 < 
QFG231 + QFG232 < 

190 

17. QFG241 + QFG242 < 140 
18. QFG2~1 + QFG252 < 250 

1.8 QRM1 + 1.3 QRM222 + 
0.3 QFG221 + 0.3 QFG231 + 

2000 



19. QFG111 + QFG211 
20. QFG121 + QFG221 
21. QFG131 + QFG231 
22. 141 + QFG241 

QFG151 + QFG251 

= '"'"" L,..,.,.,J 

;;:;; 5t) 

- 4c:-,J 

= 40 
= 

24. QFG112 + QFG212 = 80 
25. QFG122 + QFG222 = 85 
26. QFG1 + QFG232 - 140 
27. QFG142 + QFG242 = 70 
28. 152 + QFG252 - 80 
29. -1 QRM111 1~0 QRM211 + 1.0 

0.4 121 + 0.4 QFG122 + 0.3 
0.5 QFG141 + 0.5 QFG142 = 0 

30. -1 QRM121 1.0 QRM221 + 0.4 
0.5 QFG131 + 0.5 QFG1 + 0.5 
1.0 QFG151 + 1.0 QFG1 = 0 

31. -1 QRM 1 31 L 0 QRM231 + 0. 2 
0.2 QFG131 + 0.2 QFG132 - 0 

QFG111 + LO QFG 112 + 
G!FG131 + (i. 3 QFG132 + 

QFG121. + 0.4 QFG122 + 
QFG141 + ... ~ e 

\_J • ...J QFG142 + 

QFG121 + (j. 2 G!FG122 + 

32. -1 QRM112 1.0 QRM212 + 1.0 QFG211 + 1~0 QFG212 T 

0.4 QFG221 + 0.4 QFG222 + 0.3 QFG231 + 0~3 QFG232 + 
0.5 QFG241 + <).5 QFG242 =- 0 

T.3. -1 QRM1.22 1.0 QRM222 + 0.4 QFG221 + 0.4 QFG222 + 
0.5 1 + 0.5 QFG232 + 0.5 QFG241 + 0.5 QFG242 + 
1. • 0 C!FG251 + 1 • () QFG2.52 0 

34. -~ QRM132 1~0 QRM232 + 0.2 QFG221 + 0.2 QFG222 + 
v.~ QFG231 + 0.2 QFG232 - 0 

35. QRM111 + QRM112 + QRM121. + 
QRM1 + QRM131 + QRM132 < 500 

36. QRM212 + QRM211 + QRM222 + 
QRM221 + QRM232 +. QRM231 

111 + QFG121 + QFG131 
12 + QFG122 + QFG132 

C!FG212 QFG222 + QFG232 

+ QFG141 + QFG151 + 
+ QFG142 + QFG152 < 400 
+ QFG242 + QFG252 + 

QFG211 + QFG221 + QFG231 + QFG241 + QFG251 < 400 
END 

The results associated with this formulation are put in 

Appendix B a~ the end of the p~oj 

The company's profit is maximized and resulted as; 

z -- $1,456,734.00 (without fixed costs) 



As it is indicated in the printout, some of the raw 

materials and finished goods are flowing from one region to 

another. This is the principal point of study to have a 

general understanding of this economic model. 

QRM221 - 62.043480 tons/year 

QRM112 - 21.560870 tons/year 

QFG211 - 0.086961 tons/year 

QFG1 - 30.000000 tons/year 

QFG132 - 25.086960 tons/year 

For raw materials, the flows try to balance the 

production between the regions. They occur from a region 

with a high level of production to the one with a low level. 

Wool goes from the agricultural to the industrial region and 

it is the contrary for polyacrilic. Polyamid, in sufficient 

quantity in both regions, 1s not exchanged. 

For manufactured pr·oducts, it seems that the factory 1 

has a sufficient caµacity to meet the demand of its market 

and the rest of the production is sold on the other· market 

with higher prices. Pr·oducts 2 and 3 are exported to region 

2. Factory 2 works to complete the demand on those pr·oducts 

dnd also fulfills the demand for the r 
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VII.SENSITIVITY ANALYSIS 

A.SLACKS AND BINDING CONSTRAINTS 

The binding constraints are the limitations of the 

p it in the solution. Their study indicates on which 

factors the company can act to imp~ove its profit. The 

~anking of all the shadow prices, associated with each 

binding constra.i nt, per· mi ts to s:.ee the most pr· of i table 

change in the resource allocation. 

In the solution, ther·e are five differ·E"mt bindiny 

constraints in this order: 

constr·ai nt 38 on transportat i t)n for· r·egi on :: 

constraint 4 on wool supply in region 2 

constraint 2 on polyacrylic supply in region 1 

constraint 7 on cash availability in factory 1 

constraint 10 on production capacity of product 2 in 

factory 1. 

Tr.:> improve its it, the company can increase its 

capacity in t..ha':Se r·esou.r .. ces. Fc•r· e:.;ample, it ca.n find new 

supµlier in wool and polyacrylic 1 buy a machine or a truck, 

or· bor·r·ow money. The r·i ghthand side ranges give the l :i. mi t to 

those changes if the company wants to maintain its 

production at the same level. The l:i.mit and the increase in 

the profit are as fallows for the previous constraints: 

-15-



constraint: 0.08 tons/year· and 569 ! I 

cons tr" a int 4~ ~-Ll . 6 ton·:-:;/ ;/i:;;:•a.r a11d $1 (i'?8(l 

constr·ai nt 2: i). 75 ton·:::.1 yeat·· and $91 

constraint 7~ $300 and $-15 1 

cor1strcti nt. 1 (;: 29 .. "+ tons ye.a.r· and ·$87(1 ~ : ! 

The only interesting corrective action for the compa11y is to 

find a supplier of wool in region 2. The price proposed by 

thLs supplier will tell if the .::1cti.on i·s proi:itable. 

The slacks indicate for· which r·esource the company cr..u-1 

lower its capacity. Their analysis in the present case shows 

that the company can decrease the cash allocated to factory 

2 and can sell some of it machines, especially those to 

produce the finished good 5 in factory i and the finished 

goods 2 and 5 in factory 2 (big slacks). 

An i nter·esti ng action for· the company is to tF·ansfer· 

some of its resources from one region to another. This w1ii 

be studied in a paragraph below. 



8.THE COEFFICIENTS OF THE OBJ I VE FIJt'~CT I OJ~~ 

The coefficients of the objective function are two 

types. For the finished goods, they represent the profit of 

the company on a particular product. For the raw material 

it is the cost of a fiber, including the cost of 

transportation. They are not easy to study, because many 

factors influence them (price, transportation and type of 

pr·oduction, ••• ). But it is interesting t.o ren.1aTk that for· 

many of them only a change of 1% can modify the general 

production CQFG111, QFG211~ QFG122, QFG222, QFG132, QFG232}. 

This indicates that they should be very well evaiuatedi 

especially for the finished goods given above. 

C.PARAMETRIC PROGRAMMING 

:i.. Tra.nsfer· of internal r·esout"ces 

The cheaµest thing to do is to transfer caµital from 

cw'E' f actor·y to the other ( appendi H C 11 , but it has beer• 

shown before that the increase in the prof it is tiny. The 

solution almost didn't change. Now QFG211=0 and before it 

From the manager's point of view, there is no 

in giving mor·e cash to factory L Even :i.f he doesn't import 

S?kg of wool, his production is practically optimized. 
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Associated with the c;:,sh avai} c:-d:il .-2 1 the econom:i s.\::-::o h,c;;-::--

defined a measure of industrial performance, the return of 

investment CROil. For this company, even without considerin~ 

the fixed costs, this ratio is about 0.5 (1457/3000=0.485) 1 

which is ver·y low. This company i-:=.c not in good shape (it 

eally needs to use LP'l. 

An xoth;;-.?r possible trans'f er of r-·esourc:es i ·:;:; the t.rans.f er 

of m.achi nes from one fi::<.ctor·y lo c":inother. But it has been 

shown before that this is net interesting. So the las 

transfer to be considered is the switching of trucks from 

the transportation of raw materials to the transportation of 

f nished gciod,s. Each truck can lr«::i.nspor·t 10 tons o-r r-·.:::n-v 

materials or 8 tons of finished goods. The trucks are going 

both ways which explains the same limitation for going from 

region 1 to 2 and from region 2 to 1. 

The optimal switch :i ng of tr·uc k·:? :i. s pr-oposed :in P1ppend i >: 

LL. The solution shows that 7 trucks could 

finished goods instead of raw mc;;_ter· i c:•.l s. The pr· of j t h<.:1~:;, 

completely changed. Now, the r·egion i pr·oduces finished 

goods for its own market, but exports raw materials as much 

as the capacity of transportation allows. Still the factor·y 

2 works to meet the demand on its market. 

- 13 



2.Economic changes 

to show how the company wiil respond to 

usual economic chanyes such as inflation and increase of 

market demand. To simplify the economic reaiity, the prices 

The success of a company depends mainly on its 

capability to adopt . +. " .-1 ,_se.t T to the mar·ket demand • In thE' 

model, if the demand on market 2 increases by 10%i the 

following remarks can be made iAppendix C3l= for raw 

materials, the solution doesn't change, but for finished 

goods, the region 1 has stop~ed its production of product 

and started to produce more of product 5 for export; the 

and. produces for its intraregion consumption. The ii .. h.::i.s 

increased by $75000 (+5. 1%) 

On the contrary, if the same market demand decreases 

... -. IJ_·· 
J. l. • .J Ii! \Appendi;.: C4), the pr·of1t clecreasf:.>s by $33000 1.-

6.0%). The solution remains the same except that the factory 

1 doesn't e;·(por·t the pr· t 3 anymor·e (lack of 

An increase by 10% in market 1 <Appendix C5> gives the 

same effect as before with the market 2. But, since this 

market is smaller, the profit increase is only $18000 



The transportation cost doesn't affect the soiution, 

i::.Jut 21+-Tects the pr··ofjt, For· e;.;amp].e, a v;;:<.r·:i.ation of +/ 10% 

endices C6 & C7 changes the profit by $4000 (+0.2% and 

by 55000 ~-0.3%~. 

The solution changes with an inflation ot 10% (Appendix 

C8). The pr·ofit of the company increases by 5329000 

<+22.6%). If t.h>? ici-fia.tion is considered in i:.he calculation 

of th profit, the augmentation r·emains very high (+10.33}. 

The changes in the basic variables occur i11 the same ~ay as 

:i.n .:::i.n incre2.:::.-e of the market dem£ffid. J.T ·u·1e inf:ia.tion in thP 

production and take advantage of this situation. 

3.Extrerne modelizatian 

For· the model, the r·egions ar·e not completely 

agriculturai or industrial. They still produce some 

«::i.r·tificial fibe~·'.."; ancJ sorn.;?. wool. But it is poss:iblr,;; to 

•:onsider an extreme situation ~here one region produces only 

woc•l and the other· one only polyc:~cr·yl:i.c arid polyamici 

!Apµendix C9l. In this case, the ~refit drops by $95000 

C-6.5%). This shows that a region has to keep varied 

µroduction of raw materials to maximize its profit. 

solution changes ~ factory :i starts to e>= port 1:wocJuct 5 

instead of product 3. 
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.. ': ... '!' 
y J, J, J. • 

Even though it is simpie, this model works 
, , 

WE: .L l. t.o 

describe the flows between the r·eg i ans. All the r·esu.l t. s 

obtained are in harmony with the economic rules. It could 

certainly help a company to plan its production. 

The model could be improved in different ways. The 

pr·ice:::. for· each movement couJ.d be differ·ent; the var·iat 

of the market demand could be considered and an supplier 

with a market coulci r·epresent the relations with outside. 

But to simulate the tr between two countries, a muitiple 

objective function model should be used to defend the rights 

of both sides and r ' TOf .. e:.;amp1e, constraints like trade 

bar·r·.Ler·s:, could be implemented. 
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